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ATTENTION: EO/US 

NOTE: To avoid abandonment of the application, the applicant shall furnish to the USPTO, not later than 20 months from 
the priority date: (I) a copy of the international application, unless it has been previously communicated by the 
International Bureau or unless it was originally filed in the USPTO; and (2) the basic national fee (see 37 C.F.R. § 
1.492(a)). The 30-month time limit may not be extended. 37 C.F.R. § 1.495. 

WARNING: Where the items are those which can be submitted to complete the entry of the international application into 

the national phase are subsequent to 30 months from the priority date the application is still considered to 
be in the international state and if mailing procedures are utilized to obtain a date the express mail 
procedure of 37 C.F.R. §1.10 must be used (since international application papers are not covered by an 
ordinary certificate of mailing - See 37 C.F.R. §1.8. 

NOTE: Documents and fees must be clearly identified as a submission to enter the national state under 35 USC 371 otherwise 
the submission will be considered as being made under 35 USC 111. 37 C.F.R. § 1.494(f). 



CERTIFICATION UNDER 37 C.F.R. § 1.10* 

(Express Mail label number is mandatory.) 
(Express Mail certification is optional.) 

I hereby certify that this paper, along with any document referred to, is being deposited with the United States Postal Service on this 

date July 20, 2001 , in an envelope as "Express Mail Post Office to Addressee," mailing Label Number EL895418525US 

addressed to the: Assistant Commissioner for Patents, Washington, D.C. 2023 1 . 

(type or print name of person mailing paper) 

- — Susan M, Pillon 

Signature of person mailing paper 
WARNING: Certificate of mailing (first class) or facsimile transmission procedures of 37 C.F.R §1.8 cannot be used to obtain a date 

of mailing or transmission for this correspondence. 
"WARNING: Each paper or fee filed by "Express Mail" must have the number of the "Express Mail" mailing label placed thereon 

prior to mailing. 37 C.F.R. § 1. 10(b). 

"Since the filing of correspondence under §1.10 without the Express Mail mailing label thereon is an oversight that can 
be avoided by the exercise of reasonable care, requests for waiver of this requirement will not be granted on petition " 
Notice of Oct. 24, 1996, 60 Fed. Reg. 56,439, at 56,442. 
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1. Applicant herewith submits to the United States Elected Office (EO/US) the following items 
under 35 U.S.C. 371: 

a. [X] This express request to immediately begin national examination procedures (35 

U.S.C. 371(f)). 

b. [X] The U.S. National Fee (35 U.S.C. 371(c)(1)) and other fees (37 C.F.R. § 1.492) 

as indicated below: 



2. Fees 



CLAIMS 


(1) FOR 


(2) NUMBER 


(3) NUMBER 


(4) RATE 


(5) CALCULATIONS 


FEE 




FILED 


EXTRA 






[ ]• 


TOTAL CLAIMS 


70 - 20 = 


50 


x $ 18.00 = 


$900.00 




INDEPENDENT 


3-3 = 


0 


x $78.00 = 


$0 




CLAIMS 












MULTIPLE DEPENDENT CLAIM(S) (if applicable) + $270.00 


$270.00 


FEE** 


[ ] U.S. PTO WAS INTERNATIONAL PRELIMINARY 
EXAMINATION AUTHORITY 

Where an International preliminary examination fee as set forth in § 
1.482 has been paid on the international application to the U.S. PTO: 

that the criteria of novelty, inventive step (non- 
obviousness) and industrial activity, as defined in PCT 
Article 33(2) to (4) have been satisfied for all the claims 
presented in the application entering the national stage (37 

CFR 1.492(a)(4)) .$100.00 

[ ] and the above requirements are not met (37 CFR 

1.492(a)(1)) $690.00 


$860.00 




[X] U.S. PTO WAS NOT INTERNATIONAL PRELIMINARY 
EXAMINATION AUTHORITY 






Where no international preliminary examination fee as set forth 
in § 1.482 has been paid to the USPTO, and payment of an 
international search fee as set forth in § 1.445(a)(2) to the U.S. 
PTO: 






[ ] has been paid (37 CFR 1 .492(a)(2)) $7 1 0.00 

[ ] has not been paid (37 CFR 1 .492(a)(3)) $ 1 000.00 

[X] where a search report on the international application has 
been prepared by the European Patent Office or the 
Japanese Patent Office (37 CFR 1 .492(a)(5)) $860.00 






Total of above Calculations 


= $2,030.00 


SMALL 
ENTITY 


Reduction by V 2 for filing by small entity, if applicable. Affidavit must be filed, 
(note 37 CFR 1.9, 1.27, 1.28) 


- $ 




Subtotal 


$2,030.00 




Total National Fee 


$2,030.00 




Fee for recording the enclosed assignment document $40.00 (37 CFR 1.21(h)). 
(See Item 13 below). See attached "ASSIGNMENT COVER SHEET'. 


$0 


TOTAL j 






Total Fees enclosed | 


$2,020.00 



[X] A check in the amount of — $2,030,00 to cover the above fees is enclosed. 

[ ] Please charge Account No in the amount of $ 

A duplicate copy of this sheet is enclosed. 
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"To avoid abandonment of the application the applicant shall furnish to the United States Patent and 
Trademark Office not later than the expiration of 30 months from the priority date: * * * (2) the basic 
national fee (see § 1.492(a)). The 30-month time limit may not be extended. "37 C.F.R. § 1.495(b). 

If the translation of the international application and/or the oath or declaration have not been 
submitted by the applicant within thirty (30) months from the priority date, such requirements may be 
met within a time period set by the Office. 37 C.F.R. § 1.495(b)(2). The payment of the surcharge set 
forth in § 1.492(e) is required as a condition for accepting the oath or declaration later than thirty (30) 
months after the priority date. The payment of the processing fee set forth in § 1.492(f) is required for 
acceptance of an English translation later than thirty (30) months after the priority date. Failure to 
comply with these requirements will result in abandonment of the application. The provisions of§ 1.136 
apply to the period which is set. Notice of Jan. 3, 1993, 1147 O.G. 29 to 40. 



3. [X] A copy of the International application as filed (35 U.S.C. 371(c)(2)): 

NOTE: Section 1 .495 (b) was amended to require that the basic national fee and a copy of the international application 
must be filed with the Office by 30 months from the priority date to avoid abandonment "The International 
Bureau normally provides the copy of the international application to the Office in accordance with PCT Article 
20. At the same time, the International Bureau notifies applicant of the communication to the Office. In 
accordance with PCT Rule 47.1, that notice shall be accepted by all designated offices as conclusive evidence that 
the communication has duly taken place. Thus, if the applicant desires to enter the national stage, the applicant 
normally need only check to be sure the notice from the International Bureau has been received and then pay the 
basic national fee by 30 months from the priority date. "Notice of Jan. 7, 1993, 1147 O.G. 29 to 40, at 35-36. See 
item 14c below. 



[X] is transmitted herewith. 

[ ] is not required, as the application was filed with the United States Receiving 
Office. 

[ ] has been transmitted 

i- [ ] by the International Bureau. 

Date of mailing of the application (from form PCT/IB/308): 
ii. [ ] by applicant on 



4. [X] A translation of the International application into the English language (35 U S C 

371(c)(2)): 
a. [X] is transmitted herewith. 

b- [ ] is not required as the application was filed in English. 

c - [ ] was previously transmitted by applicant on 

Date 

d. [ ] will follow. 

5. [X] Amendments to the claims of the International application under PCT Article 1 9 (35 

U.S.C. 371(c)(3)): 

NOTE: The Notice of January 7, 1993 points out that 37 C.F.R. § 1.495(a) was amended to clarify the existing and 

continuing practice that PCT Article 19 amendments must be submitted by 30 months from the priority date and 
this deadline may not be extended. The Notice further advises that: "The failure to do so will not result in loss of 
the subject matter of the PCT Article 19 amendments. Applicant may submit that subject matter in a preliminary 
amendment filed under section 1.121. In many cases, filing an amendment under section 1.121 is preferable since 
grammatical or idiomatic errors may be corrected. " 1147 O.G. 29-40, at 36. 



a. [ ] are transmitted herewith. 

b. [ ] have been transmitted 

i- [ ] by the International Bureau. 

Date of mailing of the amendment (from form PCT/IB/308): 
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[ ] by applicant on _ 



Date 

c. [X] have not been transmitted as 

i- [X] applicant chose not to make amendments under PCT Article 19. 
Date of mailing of Search Report (from form PCT/ISA/210): 12/13/00 
[ ] the time limit for the submission of amendments has not yet expired. 
The amendments or a statement that amendments have not been 
made will be transmitted before the expiration of the time limit under 
PCT Rule 46.1. 

6. [X] A translation of the amendments to the claims under PCT Article 1 9 (3 8 U.S .C 
371(c)(3)): 

a. [ ] is transmitted herewith. 

b. [ ] is not required as the amendments were made in the English language. 
c - [X] has not been transmitted for reasons indicated at point 5(c) above. 

7 - [X] A copy of the international examination report (PCT/IPEA/409) 

[X] is transmitted herewith. 

[ ] is not required as the application was filed with the United States Receiving 
Office. 

8- [X] Annex(es) to the international preliminary examination report 
a. [X] is/are transmitted herewith. 

b- [ ] is/are not required as the application was filed with the United States 
Receiving Office. 

9 - [X] A translation of the annexes to the international preliminary examination report 

a. [X] is transmitted herewith. 

b. [ ] is not required as the annexes are in the English language. 

10. [X] An oath or declaration of the inventor (35 U.S.C. 371(c)(4)) complying with 35 

U.S.C. 115 

a. [ ] was previously submitted by applicant on 

Date 

b- [ ] is submitted herewith, and such oath or declaration 
i. [ ] is attached to the application. 

u " • [ ] identifies the application and any amendments under PCT Article 1 9 
that were transmitted as stated in points 3(b) or 3(c) and 5(b); and 
states that they were reviewed by the inventor as required by 37 
C.F.R. 1.70. 

iii. [X] will follow. 

Other document(s) or information included: 

11. [X] An International Search Report (PCT/IS A/2 1 0) or Declaration under PCT Article 

17(2)(a): 

a. [X] is transmitted herewith. 

b. [ ] has been transmitted by the International Bureau. 

Date of mailing (from form PCT/EB/308): 

c - [ ] is not required, as the application was searched by the United States 

International Searching Authority, 
d- [ ] will be transmitted promptly upon request. 
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[ ] has been submitted by applicant on _ 



Date 

[X] An Information Disclosure Statement under 37 C.F.R. 1.97 and 1.98: 

a. [ ] is transmitted herewith. 

Also transmitted herewith is/are: 

[ ] Form PTO-1449 (PTO/SB/08A and 08B). 

[ ] Copies of citations listed. 

b. [X] will be transmitted within THREE MONTHS of the date of submission of 

requirements under 35 U.S.C. 371(c). 

c. [ ] was previously submitted by applicant on 

Date 

[ ] An assignment document is transmitted herewith for recording. 

A separate [ ] "COVER SHEET FOR ASSIGNMENT (DOCUMENT) ACCOMPANYING 
NEW PATENT APPLICATION" or [ ] FORM PTO 1595 is also attached. 



[X] Additional documents: 

a. [X] Copy of request (PCT/RO/1 0 1 ) 

b. [X] International Publication No. WOn043333A^ 
i- [ ] Specification, claims and drawing 

ii. [X] Front page only 

c [] Preliminary amendment (37 C.F.R. § 1.121) 

d. [ ] Other 



15. [X] The above checked items are being transmitted 

a. [X] before 30 months from any claimed priority date. 

b. [ ] after 30 months. 

16. [ ] Certain requirements under 35 U. S.C. 37 1 were previously submitted by the 

applicant on namely: 



AUTHORIZATION TO CHARGE ADDITIONAL FEES 

WARNING: Accurately count claims, especially multiple dependent claims, to avoid unexpected high charges if extra 

claims are authorized. 
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NOTE: "A written request may be submitted in an application that is an authorization to treat any concurrent or future 
reply, requiring a petition for an extension of time under this paragraph for its timely submission, as 
incorporating a petition for extension of time for the appropriate length of time. An authorization to charge all 
required fees, fees under § 1.17, or all required extension of time fees will be treated as a constructive petition for 
an extension of time in any concurrent or future reply requiring a petition for an extension of time under this 
paragraph for its timely submission. Submission of the fee set forth in § 1.17(a) will also be treated as a 
constructive petition for an extension of time in any concurrent reply requiring a petition for an extension of time 
under this paragraph for its timely submission. "37 C.F.R. § 1.136(a)(3). 

NOTE: "Amounts of twenty-five dollars or less will not be returned unless specifically requested within a reasonable 

time, nor will the payer be notified of such amounts; amounts over twenty-five dollars may be returned by check 
or, if requested, by credit to a deposit account. "37 C.F.R. § 1.26(a). 

[X] The Commissioner is hereby authorized to charge the following additional fees that 
may be required by this paper and during the entire pendency of this application to 
Account No. 04-1105. 

[X] 37 C.F.R. 1 .492(a)(1), (2), (3), and (4) (filing fees) 



WARNING: Because failure to pay the national fee within 30 months without extension (37 C.F.R. § 1.495(b)(2)) 

results in abandonment of the application, it would be best to always check the above box. 

[X] 37 C.F.R. 1.492(b), (c) and (d) (presentation of extra claims) 

NOTE: Because additional fees for excess or multiple dependent claims not paid on filing or on later presentation must 

only be paid or these claims cancelled by amendment prior to the expiration of the time period set for response by 
the PTO in any notice of fee deficiency (37 C.F.R. § 1.492(d)), it might be best not to authorize the PTO to charge 
additional claim fees, except possible when dealing with amendments after final action. 

[X] 3 7 C.F.R. 1 . 1 7 (application processing fees) 
[X] 37 C.F.R. 1 .17(a)(l)-(5)(extension fees pursuant to § 1 .136(a). 
[ ] 37 C.F.R. 1.18 (issue fee at or before mailing of Notice of Allowance, 
pursuant to 37 C.F.R. 1.311 (b)) 

NOTE: Where an authorization to charge the issue fee to a deposit account has been filed before the mailing of a Notice 
of Allowance, the issue fee will be automatically charged to the deposit account at the time of mailing the notice 
of allowance. 37 C.F.R. § 1.311(b). 

NOTE: 37 C.F.R. 1.28(b) requires "Notification of any change in loss of entitlement to small entity status must be filed in 
the application . . . prior to paying, or at the time of paying . . . issue fee. " From the wording of 37 C.F.R. § 
1.28(b): (a) notification of change of status must be made even if the fee is paid as "other than a small entity" and 
(b) no notification is required if the change is to another small entity. 

[ ] 37 C.F.R. § 1.492(e) and (f) (surcharge fees for filing the declaration and/or 
filing an English translation of an International Application later than 30 
months after the priority date). 
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(12) NACH DEM VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBBET DES 
PATENTWESENS (PCT) VEROFFENTLICHTE INTERNATIONALE ANMELDUNG 



(1 ' )WeKo Tt" g S esE,8e ° ,um iiiininu iiiiiiiiinmiii 

(43) Internationales Verdffentlichungsdatum (10) Internationale Veroffentlichungsnummer 

27. Juli 2000 (27.07.2000) PCT WO 00/43333 A3 



(51) Internationale Patentklassifikation 7 : C07B 61/00, 

G01N 33/53 

(21) Internationales Aktenzeichen: PCT/EP00/00462 

(22) Internationales Anmeldedatum: 

21. Jamiar 2000 (21.01.2000) 

(25) Einreichungssprache: Deutsch 



(74) Anwalte: FORSTMEYER, Dietmar usw.; Boeters & 
Bauer, Bereiteranger 15, D-81541 Miinchen (DE). 

(81) Bestimmungsstaaten (national): AE, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE, 
DK, DM, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, 
IL, EN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, 
LU, LV, MA, MD, MG, MK, MN, MW, MX, NO, NZ, PL, 
PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, 
UA, UG, US, UZ, VN, YU, ZA, ZW. 



(26) Veroffentlichungssprache: Deutsch 

(30) Angaben zur Prioritat: 

199 02 378.6 21. Jamiar 1999 (21.01.1999) DE 

(71) Anm elder (fur alle Bestimmungsstaaten mitAusnahme von 
i US): MORPHOCHEM AG [DE/DE]; Gmunder Strasse 
! 37-37a, D-81379 Miinchen (DE). 

! (72) Erfinder;und 

I (75) Erfinder/Anmelder (nur fur US): ALMSTETTER, 
! Michael [DE/DEj; Eixendorf 3, D-85417 Marzling (DE). 
j DOEMLING, Alexander [DE/DE]; Kunzweg 17a, 
I D-81241 Miinchen (DE). ILLGEN, Katrin [DE/DE]; 
I Pasinger Strasse 28, D-82152 Planegg (DE). WEBER, 
! Lutz [DE/DE]; Steinweg 13, D-79639 Grenzach-Wyhlen 
■ (DE). 



(84) Bestimmungsstaaten (regional): ARIPO-Patent (GH, 
GM, KE, LS, MW, SD, SL, SZ, TZ, UG, ZW), eurasis- 
ches Patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
europaisches Patent (AT, BE, CH, CY, DE, DK, ES, FI, 
FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI-Patent 
(BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE, 
SN, TD, TG). 

Veroffenilicht: 

— Mit internationalem Recherchenbericht. 



(88) Verdffentlichungsdatum des intern: 
Recherchenberichts: 



10. Mai 2001 



Zur Erkldrung der Zweibuchstaben-Codes, und der anderen 
Abkurzungen wird auf die Erlddrungen ("Guidance Notes on 
Codes and Abbreviations") am Anfang jeder regularen Ausgabe 
der PCT-Gazette verwiesen. 



! (54) Title: ME THOD FOR THE COMBINATORIAL SEARCH FOR REACTIONS FOR PRODUCING USEFUL PRODUCTS 



i (54) Bezeichnung: VERFAHREN ZUR KOMBINATORISCHEN REAKTIONSFENDUNG ZUR HERSTELLTJNG VON NUTZ- 
! LICHEN PRODUKTEN 



(57) Abstract: The invention relates to a method for the algorithmic search for and production of biologically active chemical com- 
pounds. Said method comprises the following steps: (1) producing an algorithmic library of different multicomponent reactions; 
starting from a library of suitable and diverse types of chemical starting compounds; (2) biologically testing said library; (3) identify- 
ing suitable multicomponent reactions from this range of suitable reactions; (4) choosing a multitude of chemical starting substances 
of those types that are required for the identified and suitable multicomponent reactions; (5) finding optimum combinations from 
said constructed chemical range of suitable multicomponent reactions by (6) algorithmically producing and biologically testing com- 
pounds of said library. The inventive method is exemplified by way of the example of finding new antibiotically active polyketoidous 
compounds. 

(57) Zusammenfassung: Es wird ein Verfahren zur algorithmischen Auffindung und Herstellung von biologisch wirksamen chemi- 
schen Verbindungen beschrieben. Das Verfahren besteht ausder(l) Herstellung einer algorithmischen Bibliothek von unterscMedH- 
chen Multikomponentenreaktionen, ausgehend von einer Bibliothek geeigneter und diverser Typen von chemischen Ausgangsstoffen, 
der (2) bioiogischen Testung dieser Bibliothek, der (3) Identifizierung geeigneter Multikomponentenreaktionen aus diesem Raum 
der moglichen Reaktionen, der (4) Auswahl einer Vielzabl von chemischen Ausgangsstoffen solcher Typen, die fur die identifizier- 
ten und geeigneten Multikomponentenreaktionen benotigt werden, die (5) Auffindung von optimalen Kombinationen aus dem damit 
konstruierten chemischen Raum dieser geeigneten Multikomponentenreaktionen durch die (6) algorimmische Herstellung und bio- 
logische Testung von Verbindungen dieser Bibliothek. Das Verfahren wird am Beispiel der Auffindung neuer antibiotisch wirksamer 
polyketoidartiger Verbindungen beispielhaft erlautert 
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Process for the combinatorial discovery of reactions for the 
preparation of useful products . 

The present invention relates to the discovery and preparation 
of chemical compounds having desired and useful physical, 
chemical and/or biological properties by means of an iterative 
process based on mult icomponent reactions. The compounds 
according to the invention can be used as medicaments, 
veterinary products, vaccines, cosmetics, plant protection 
preparations etc. or as additives thereto or as ligands, 
catalysts, catalytic cofactors, detector molecules, polymers, 
peptides and adhesives. 

Processes for discovering new chemical compounds having desired 
physical, chemical and biological properties and new reactions 
for the preparation of chemical compounds having desired 
physical, chemical and biological properties are the subject of 
numerous patents, procedures, methods and scientific research 
projects. Such processes are intended especially to achieve one 
or more of the following objectives: 

(a) the generation of new chemical reactions, basic 
structures, compounds or combinatorial substance 
libraries , 

(b) the generation of a high degree of chemical diversity, the 
term "diversity" being defined as the information content 
of a chemical reaction, compound or substance library, 

(c) the provision of processes for generating combinatorial 
substance libraries, 

(d) the provision of optimisation and other processes for 
discovering active compounds from such libraries, 



(e) 



the provision 
processes, 



of 



new biological test systems and 



(f) the provision of processes for the synthesis of desired 
compounds , 



the analysis and optimisation of the duration of 
individual steps in the discovery and preparation of such 
compounds, and 

the analysis and optimisation of the costs of the 
individual steps in the discovery and preparation of such 
compounds . 



None of the processes known hitherto, however, achieves all of 
the above-mentioned objectives (a-h) simultaneously. The goal 
of a fast and efficient way of discovering and preparing useful 
chemical compounds is therefore at best only partially achieved 
by the prior art: 



The (targeted) synthesis of combinatorial substance libraries 
has been described as a route to discovering new chemical 
compounds having desired properties (Gallop, Journal of 
Medicinal Chemistry, 37(9), 1994, 1233-1250). That method 
delivers a large number of new chemical compounds - a substance 
library - in which generally only the substituents around a 
common chemical basic scaffold are varied. 

Furthermore, in that method the libraries are built up using a 
limited number of sequential reactions, which allows only a low 
degree of diversity of the basic scaffolds used. Numerous 
molecular properties, such as, for example, lipophilicity , oral 
bioavailability, biological activity, metabolic stability etc., 
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are associated with those basic scaffolds, however, so that 
many of those properties cannot be obtained with those sub- 
stance libraries. 

The general diversity, that is to say the information content 
of those systematic substance libraries, is therefore low in 
comparison with random substance libraries on account of the 
principle by which they are constructed. (The term "random 
substance libraries" is here used to denote collections of 
substances that are not capable of being prepared by a uniform, 
systematic process, such as, for example, collections of 
natural substances.) Such combinatorial substance libraries 
therefore have, on account of their low degree of diversity and 
their redundant information content, the disadvantage that 
there is less probability of finding in them interesting 
chemical compounds having the desired biological activity. 
They also have disadvantages in respect of the time required 
and the costs incurred for preparing and testing the compounds. 

The low degree of diversity also has advantages, however: since 
the compounds are always prepared and tested as chemically 
related families, the structure-activity relationships (SARs) 
obtained in each case are limited. Those SARs enable the 
errors frequently occurring in biological testing to be 
excluded, such as, for example, false positive or false 
negative signals which may arise as a result of apparatus 
defects, impurities in the test samples etc.. Furthermore, 
such an SAR can provide pointers to a potential optimisation of 
the chemical compounds in respect of their biological and other 
properties . 

Random substance libraries generally do not exhibit the above- 
described disadvantages of a low degree of diversity (J. P. 
Devlin, The Discovery of Bioactive Substances - High Throughput 



Screening, Marcel Dekkert, 1998) . The broad testing of such 
substance libraries for various biological activities is 
therefore a standard route to discovering biologically active 
compounds . A disadvantage of that process, however, is that 
the compounds so found often cannot be prepared by a simple, 
efficient and fast synthesis. The formulation of a combina- 
torial synthesis as a means of access to those compounds for 
the optimisation of the substance properties is time-consuming 
and expensive. A further disadvantage of such random substance 
libraries, from the standpoint of their biological testing, 
lies in the fact that they are not built up systematically, 
which does not enable false positive or false negative test 
results to be excluded on the basis of SARs . Such SARs have to 
be built up only in a subsequent step, after the testing of 
those libraries, by the synthesis of chemically related 
compounds. If the testing of random libraries has resulted in 
a large number of chemically diverse compounds having interest- 
ing biological activities, that subsequent step is extremely 
time-consuming because the preparation of each one of those 
compounds requires the use of other chemical processes which 
are not always known. That process therefore often results in 
the selection of compounds that are chemically easier to pre- 
pare, while more complicated compounds, such as, for example, 
natural substances, are not given any further consideration. 

Processes for the discovery and preparation of biologically 
active compounds have already been described. They include 
processes such as molecular modelling, in which either the 
structure of the biological target molecule or a series of 
known compounds having known biological activity are utilised 
in planning new and better compounds. For various reasons, 
however, that process can be used only to a limited extent, 
especially when the structure of the biological target molecule 
is not known, or compounds having known activity are not yet 
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available . 

Other processes (Agrafiotis, System and Method of Automatically 
Generating Chemical Compounds with Desired Properties, 
US 5 463 564, Oct. 31, 1995) require the complicated inter- 
pretation of structure-activity relationships, which in turn 
require the sequential, automated synthesis of purified 
compounds having a known structure. Such explicit structure- 
activity relationships have proved only of some use in the 
past, since although they can be used to predict to some extent 
an improvement in activity in a target molecule, they do not 
take account of other factors, such as, for example, oral 
bioavailability or toxicity, that exhibit a different 
dependency on the structure. 

Furthermore, a process has been put forward which comprises the 
discovery and preparation of chemical compounds having desired 
properties without any knowledge of the structure of the 
synthesised compounds (S. Kauffman, J. Rebek, Random Chemistry 
for the Generation of New Compounds, WO 94/24314), but that 
process uses a large number of sequential synthesis steps in 
order to achieve molecular diversity. In that process the 
desired diversity is achieved only when the number of different 
chemical compounds in a synthesis and test sample reaches a 
high degree of complexity and exceeds a supercritical point. 
That process also does not overcome the problems of testing 
highly complex and unknown product mixtures which are known to 
lead to false positive and false negative results. Further- 
more, the identification and isolation of chemical compounds 
that are present only at low concentration is technically 
complex; moreover the simple re-synthesis of a compound from 
such a supercritical mixture has not been described and ought 
to be difficult unless it involves biologically amplifiable 
compounds, such as peptides, DNA or RNA, that are of only 
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limited pharmaceutical importance. 

A process which combines the search for and the preparation of 
chemical compounds with a complex target function that includes 
a plurality of desired properties or even a broad spectrum of 
properties (for the chemical target compound) has not yet been 
put forward. 

On account of the problems described above there is a need for 
a process for the fast and efficient discovery and preparation 
of biologically active compounds which eliminates the disadvan- 
tages described. 

There is also a need for a process that enables structurally 
new and natural-substance-analogous compounds to be prepared in 
a simple manner. 

There is also a need for a process that enables those compounds 
to be tested in a simple manner, the results of the tests 
having as great as possible an influence on the further prep- 
aration of new, improved chemical substances. 

A further objective of the present invention is a new means of 
access to new substance classes, such as polyketides, in only 
one or only a few step(s) . 

According to the invention there is provided a process for the 
fast and efficient discovery and preparation of biologically 
active compounds that achieves the objectives described above, 
especially objectives (a-h), and thus eliminates the short- 
comings of known processes. 



The process comprises the following steps: 
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(1) selection of M different starting materials suitable for 
multicomponent reactions (MCRs), 



(2) reaction of each starting material with another of or with 
every possible combination of up to M-l other starting 
materials selected according to (1), 



(3) analysis of the products, 



(4) evaluation of the products and selection of at least one 
product , 



(5) determination of the starting materials that have led to 
the product (s) selected in (4), and 

(6) provision of at least one variant of at least one of the 
starting materials that have been determined in (5) , 

(7) reaction of the starting materials provided in (6) if 
appropriate with the remaining starting materials 
determined in (5) in the context of an MCR, 

(8) repetition of steps (4) to (7) until at least one product 
having the desired property or properties is found, and 

(9) optionally isolation and characterisation of the product. 



According to the invention, therefore, first of all a set of M 
different starting materials suitable for multicomponent 
reactions (MCRs) is selected. Those starting materials are 
then used to carry out all the MCRs that are possible with 
those starting materials, preferably at least three starting 
materials and at most all the starting materials being reacted 
with one another. Where there are five starting materials, 
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therefore, for example reactions of all three-component 
combinations, and all four-component combinations and one 
reaction of the five-component combination are possible. 

The properties of the resulting products are then ascertained 
by analyses, assays etc., it not being absolutely necessary to 
analyse the products themselves or to clarify their structure. 
Such a step is of course possible, however, and also forms part 
of the present invention. 

The properties of the products are then evaluated: if, for 
example, a product having an antibacterial action against 
Pseudomonas aeruginosa is found, then the product or products 
having the best such action is or are selected. 

Those products or that product can then be compared if 
appropriate with the next best product or the next best 
products in order to form conclusions as to possible factors 
relevant to the action of the best product or products. 

In order to establish which MCR has given rise to the optimum 
product, it can be compared with its sub- and supra- 
combinations : 

If, for example, the product of a 5-component reaction has good 
properties, it is compared with the products of the 4-component 
reactions that are possible using those components and also 
with products prepared by 6-component reactions in which a 
further starting material is used in addition to the five 
starting materials used in the 5-component reaction. If, for 
example, the product of a 4-component reaction has similarly 
good properties to those of the product of the 5-component 
reaction, the obvious conclusion is that the fifth component 
does not contribute to the properties of the product and, for 
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example, acts only as a catalyst or does not participate in the 
reaction at all. 

After the evaluation of the products, one or more products are 
selected . 

The process according to the invention is described below with 
reference to a single selected product, it being clear that it 
is also possible to select a plurality of products and to carry 
out the process in parallel with a plurality of products . 

In the next step, the starting materials that have led to the 
selected product having the best properties are determined. 
If, in the example given above, the product prepared from five 
starting materials has the best properties, then those five 
starting materials are taken as basis in the further steps of 
the process. 

At least one of the starting materials, for example an amine 
component, is then varied or modified by, for example, 
replacing at least one substituent and/or introducing at least 
one (further) substituent. It will be understood that it is 
also possible for two, three or all starting materials to be 
chemically varied or modified. 

The varied or modified starting materials are then reacted in 
the context of the same MCR as that which led to the optimum 
product in the preceding steps of the process. If, in the 
above example, two starting materials, for example, are 
modified in such a manner that there is a further variant of 
each of those two starting materials, but the other three 
starting materials are used further in unmodified form, then 
three new reactions of the same MCR type are possible, since in 
one reaction three original starting materials and two new 



- 10 - 



starting materials can be used and in the two other reactions 
four original starting materials and one of the modified 
starting materials can be used. 



Then, in turn, the product or the products having the best 
properties is or are selected and if appropriate it is ascer- 
tained, on the basis of the variations or modifications, to 
which of those variations or modifications any improvement in 
the properties is to be attributed: if, for example, it is 
ascertained that the enlargement of a substituent on an amine 
component leads to an improvement in the properties, then the 
starting materials selected on repetition of the steps will be 
those in which at least one substituent on the amine component 
is further enlarged. 



By means of the process according to the invention, therefore, 
for one specific set of starting materials in the first 
instance all the basic scaffolds that can be prepared by means 
of multicomponent reactions are prepared and the properties of 
the different scaffolds are compared with one another. 



In the second step of the process, the substituents on the 
selected scaffold, for example, are subsequently altered until 
a product having an optimum action has been found. 

One advantage of the process disclosed herein as compared with 
conventional methods of finding active ingredients is the fast 
and efficient discovery of chemical compounds that fulfil a 
desired target function. The target function may be, for 
example, a specific biological activity and/or a spectrum of 
other desired pharmacological and physico-chemical properties 
and is varied according to the molecule being sought etc.. The 
target function preferably involves therapeutic properties. 
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A further advantage of the process disclosed herein is that for 
the discovery of such compounds it is unnecessary to have any 
knowledge of the chemical structure of the compounds that have 
been prepared or are to be prepared or any knowledge of the 
chemical reactions taking place in the experiments. The 
setting-up of complex structure-activity relationships is 
therefore unnecessary. 

A further advantage of the process disclosed herein is that the 
desired product can be prepared using a multicomponent reac- 
tion, whether it be by way of a chemical reaction that is 
already known or by way of a new chemical reaction found in the 
process according to the invention, and that the product is 
therefore accessible by means of very simple chemical reaction 
steps even when structurally very complicated compounds are 
involved . 

A further advantage of the process disclosed herein is that the 
system of combining the different starting materials results in 
a large number of new and different basic chemical scaffolds, 
not only the substituents of those basic scaffolds but also the 
basic scaffolds themselves being varied and being tested for 
their suitability for finding new compounds having outstanding 
properties . 

A further advantage is, in addition, that the efficiency of the 
process according to the invention in discovering and preparing 
biologically active chemical compounds can be measured in a 
simple manner. 

Using the process according to the invention, therefore, the 
diversity, that is to say the information content of chemical 
reactions, chemical compounds or substance libraries, can, 
especially, be matched to the individual phases of the dis- 
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covery, optimisation and preparation of chemical compounds 
having the desired properties or can correspond thereto, 
especially since the advantages of combinatorial substance 
libraries are combined with those of random libraries. 



According to the invention, therefore, there is disclosed a 
process that, in a plurality of cycles, enables new compounds 
having pharmacologically outstanding properties to be obtained 
quickly and efficiently by iterative selection of the starting 
materials, preparation of selected products by means of multi- 
component reactions and biological, pharmacological and/or 
physico-chemical testing thereof, especially testing thereof 
for their therapeutic potential . 



The process can be used, for example, for the preparation of 
any products having desired properties, such as, for example, 
medicaments, veterinary products, vaccines, cosmetics, plant 
protection preparations etc. or additives thereto or ligands, 
catalysts, catalytic cofactors, detector molecules, polymers, 
peptides and adhesives. 



The invention relates both to the process and to the products 
found by that process. 



The process of the present invention will be described in 
detail below: 



1) In a first step, therefore, a number M of different 
chemical starting materials is selected which are provided with 
functional groups customary in organic chemistry and suitable 
for multicomponent reactions (MRCs) , such as Passerini or Ugi 
MCRs (J. March, Advanced Organic Chemistry, Wiley-Interscience , 
New York, 1984) , such as 

-NC, -CO-, -CS-, -CN, -OCN, -NCO, -NO, -N0 2 , -0NO 2 , -CHO, 
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-COOR, -COSR, -CSSR, -COCOOR, -SCN, -NCS, -halo, -N 3 , -NNNR, 
-OR, -SR, -OCOOR, -SCOOR, -NRCOOR', -OCSOR, -SCSOR, -NRCSOR' , 
-OCSSR, -SCSSR, -NRCSSR', -OCONR'R, -SCONR'R, -NRCONR 'R w , 
-NRR', -NRR'NR"R'", -CNNRR ' , -CNNRR'HX, -NRCONR ' R ' ' , 
-NRCSNR ' R ' ' , -RCOCR'R v \ -RCSCR'R^, -COCRR-'halo, -RCNR " CR " s , 
wherein R, R N , R v ' and R 1 '' may each independently of the other 
be H or alkyl, aryl, aralkyl, hetaryl or hetarylalkyl , "alkyl" 
preferably being Cl-ClOalkyl, "ar(yl)" preferably having up to 
10, especially up to 2 or 3, preferably aromatic rings and 
"Het" preferably including N, 0 or S, 

or epoxy groups or carbenes or unsaturated vinylogous variants 
(alkene, alkyne, aryl) of the above-mentioned functional 
groups, or corresponding mono-, di-, tri-, tetra-, penta- or 
hexa-carbonyl variants of the above-mentioned functional 
groups, 

it being possible especially for two, three, four or more of 
the above-mentioned functional groups to be present 
simultaneously in one or more of those starting materials, 
especially in suitable combination. 

Some of the functional groups can be provided with protecting 
groups customary in organic chemistry (T.W. Greene, Protective 
Groups in Organic Synthesis, Wiley-Interscience , New York, 
1981) . 

It is preferable to select those starting materials which are 
known to be good starting materials for mult icomponent 
reactions, such as alpha-haloketones , esters, carboxylic acids, 
thiocarboxylic acids, aldehydes, amines, ketones, isonitriles, 
nitriles, alpha-keto acids, alpha-keto esters, and derivatives 
and alpha-beta unsaturated variants thereof, and combinations 
thereof, 

special preference being given to corresponding mono-, di-, 
tri-, tetra-, penta- or hexa-carbonyl variants of the above- 
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mentioned functional groups. 

According to the invention, those M starting materials are 
preferably encoded in a form accessible to an algorithm, the 
selected starting materials being assigned, either randomly or 
systematically, binary, decimal or alphanumeric codings. 

Preferably a starting material type of a specific chemical 
class, such as, for example, aldehydes, is assigned a 
characteristic basic coding, such as, for example, "A", it 
being especially preferable for different starting materials 
that fall into that class, such as various special aldehydes, 
to be randomly assigned an additional coding, such as the 
numbers "1, 2, 3 giving rise to an alphanumeric overall 

coding Al for benzaldehyde and A2 for acetaldehyde , or Bl for 
aniline and B2 for methylamine. 

Chemical classes (substance classes, types of starting 
material) therefore denote, for example, aldehydes, amines, 
carboxylic acids, and they especially denote component groups 
of MCRs. 

For M different starting materials there are thus obtained 
according to the invention N different codings. The set N is 
intended to indicate the set of (different) classes of starting 
material or chemical classes, it being possible according to 
the invention for a starting material to be assigned to several 
of those classes and encoded accordingly, such as, for example, 
beta-ketopropionic acid being assignable to the class of 
ketones, of carboxylic acids or of beta-keto acids. Special 
preference is given to a coding system in which each starting 
material is encoded only in one class. 

It is especially possible, by suitable selection of starting 
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materials, to select or predetermine the product range, i.e. 
the nature and amount of the products provisionally to be 
obtained, at least within certain limits. 

In the process according to the invention, preferably M is 

< 40, more preferably M is < 30, especially M is < 20 and most 

preferably M is < 12. 

2) In a second process step, the starting materials are 
reacted simultaneously or sequentially in the context of an MCR 
(including an unknown MCR) . In that reaction each starting 
material is reacted with every other starting material or 
preferably with every possible combination of from 2 up to M-l 
other starting materials selected in the first process step. 

An advantage of the process according to the invention lies in 
the fact that it is unnecessary to have any knowledge of the 
possible reactions into which those starting materials can 
enter . 

According to the invention, in a second process step all the 
multicomponent combinations or, as the case may be, multi- 
component combinations MCC(K) selected in accordance with an 
algorithm of K different starting materials from a set N of 
different starting materials, which represents a sub-set of the 
set M of starting materials available, are reacted simultan- 
eously or in a sequential order under conditions customary in 
organic chemistry, as customary, for example, for Passerini or 
Ugi MCR reactions with 4, 5, 6, 7, 8, 9 or 10 components. For 
that purpose the starting materials or the selected starting 
materials can be combined in one or more solvents, such as 
methanol, tetrahydrof uran, dioxane, dimethyl sulfoxide, water 
or mixtures thereof, if necessary with the exclusion of air or 
under a nitrogen, oxygen, hydrogen or argon atmosphere, in a 
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temperature range of between -60°C and 150°C. In addition, it 
is possible to use auxiliaries or catalysts, such as, for 
example, Lewis acids, such as boron trifluoride etherate, zinc 
chloride, ytterbium triflate, iron chloride, other acids, such 
as, for example, hydrochloric acid, paratoluenesulf onic acid, 
acetic acid, or bases, such as, for example, potassium 
carbonate, triethylamine , caesium carbonate, or water-removing 
agents, such as molecular sieves or orthoesters . 

In the first cycle of the process, from the set M there are 
preferably selected those N which belong to different substance 
classes, 

the total number of all experiments E being the sum of K = 1 to 
N over all K from N according to equation (1) 

E = Z N!/( (N-K) !*K! ) equation (1), 

where K is accordingly the number of different starting 
materials used for a reaction, and N is the highest possible 
number of different starting materials used in a reaction, 
it being especially preferable in the first cycle of the 
process for all combinations from K = 1 to K = N to be 
selected. 

Each of those experiments can be carried out physically 
separately and in a reproducible manner, for example in 
different reaction vessels, and especially the allocation of 
the different combinations with their codings to the positions 
of the reaction vessels can be stored in a computer in a form 
accessible to an algorithm. 

At least some of the resulting reaction products can in a 
subsequent step be further chemically modified, worked-up or 
prepared for step (3) in a suitable manner. 
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Such a chemical modification may be, for example, the removal 
of chemical protecting groups, for example by trif luoroacetic 
acid, or the hydrogenat ion of the products by means of 
hydrogen, optionally with the addition of a hydrogenation 
catalyst, such as, for example, palladium on carbon, platinum 
oxide, palladium acetate, or by oxidation of the products with 
oxygen or some other oxidising agent, such as, for example, 
bromine, hydrogen peroxide, tert-butyl peroxide or a suitable 
metal salt, such as, for example, cobalt chloride, or a 
suitable metal complex, such as, for example, iron hexacyano- 
ferrate or chromium tetraphenylporphyrinate , or by irradiation 
with light of wavelength 200-600 nm. Furthermore, the reaction 
products can be treated with one or more enzymes, such as, for 
example, oxidoreductases , ligases, peptidases, lipases or 
isomerases . 

The working-up of the products can be carried out in a manner 
known per se, such as by chromatography, for example over 
silica gel or RP-18 silica gel, or solid phase extraction or 
the removal of unreacted starting materials by binding to a 
suitable solid carrier, such as, for example, ion exchanger 
resins or chemically modified solid phase resins, or alterna- 
tively the expected products can be purified by selective 
binding to such a solid carrier, followed by washing and 
detachment from that carrier. 

By subsequent dissolution in a suitable solvent, such as, for 
example, water or DMSO, a test solution can be prepared. 

The reaction conditions, modifications, working-up procedures 
or procedures in preparation for testing that are used can 
likewise be encoded in a form suitable for an algorithm, for 
example in binary, decimal or alphanumeric form. A reaction 
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product can accordingly be encoded, for example, either as a 
combination of the coding of the starting materials used or 
preferably as a combination of the coding of the starting 
materials used and the coding for the reaction conditions, 
modifications, working-up procedures or procedures in 
preparation for testing that are used, it being especially 
preferable that both the starting materials, the reaction 
conditions, modifications, working-up procedures or procedures 
in preparation for testing that are used and the reaction 
vessels be encoded. 

Such a coding will be referred to below simply as the genome of 
the reaction product. 

For the purposes of the process described herein it is not 
necessary to know which reactions may take place or do take 
place in the individual reaction vessel. According to the 
invention, however, in all reaction vessels a maximum of E 
different reaction types and accordingly E different chemical 
substances each having different basic scaffolds may be formed 
when all the starting materials are selected from different 
substance classes, as is preferred in the first cycle of the 
process. The genome of a reaction product especially 
preferably encodes not what is contained in a reaction vessel, 
but by means of which starting materials and using which 
process steps the reaction product has been formed. 

3) In a third process step, for example, test solutions of 
the products from the second process step are investigated, for 
example, in a biological and/or pharmacological and/or physico- 
chemical test for their biological activity, effectiveness, 
side effects or selectivity and/or in another test procedure 
the physico-chemical properties of those products are 
investigated . 



Those biological, pharmacological and physico-chemical test 
procedures are known per se to a person skilled in the relevant 
art. 



In those procedures, it is preferable especially to investigate 
and ascertain the dependency of the measurement results upon 
the concentration of the starting materials used in process 
step two. Especially a concentration range of from 0.5 to 
0.000001 mol/1, more especially a concentration range of from 
100 to 0.01 mol/1, is investigated. 



The test for ascertaining the biological or pharmacological 
activity, effectiveness, side effects or selectivity is prefer- 
ably carried out with isolated proteins, receptors, enzymes, or 
mixtures thereof, cells, cell lysates, complex cell systems, 
with organs or parts thereof or a plurality of organs or alter- 
natively with whole organisms or membranes and as appropriate 
using adjuvants, substrates or detection aids necessary for the 
test . 



The test procedures for the physico-chemical properties of the 
products may include, for example, the measurement of the lipo- 
philicity by means of the octanol-water distribution coeffic- 
ient, the solubility in water, the non-specific protein binding 
to, for example, bovine serum albumin, the binding to the 
proteins of human serum plasma or the chemical stability in 
Krebs buffer. 



The test results obtained are preferably correlated with the 
genomes of the reaction products, especially in a form 
accessible to the algorithm, for example in a computer data 
file or a computer data bank. 
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According to the invention, for the purposes of the process it 
is not necessary to have any knowledge of the content of the 
individual reaction products, such as, for example, including 
knowledge of the chemical reaction taking place or the new 
chemical compounds present and the structure thereof, since the 
systematic nature of the selection allows a systematic inter- 
pretation of the test results. It may even be possible that no 
reaction at all has taken place in one or more of the parallel 
reaction vessels, without it being a disadvantage for the 
process according to the invention. 

If, for example, all combinations of from K=l to K=N have been 
selected, according to the invention all starting materials 
(K=l) are tested for their biological action. All reaction 
products containing those starting materials but having a 
better action than the latter ought to contain a new chemical 
compound having a better action. The same is analogously true 
also of all combinations K=3 and all two-component combina- 
tions. A three-component combination that exhibits an action 
better than that of the two-component combinations it contains 
or better than that of the corresponding starting materials, 
ought to contain a new, effective chemical compound from a 
three-component reaction. All K>2 reaction products can like- 
wise be analysed in the manner indicated. 

According to the invention, the list of the genomes and the 
associated test results contain all the information necessary 
for further optimisation. 

The process according to the invention can implicitly use a 
statistical analysis of the reactions and working steps carried 
out, the system used in the selection of the starting materials 
M making it unnecessary to have exact and explicit knowledge of 
the chemical reactions that have taken place and the structures 
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of the resulting compounds. For example, it is possible that a 
reaction that is known and desirable per se does not take place 
under the reaction conditions employed, but a different, 
previously unknown reaction yields a new chemical compound 
having desirable properties, such as, for example, oral 
bioavailability. The corresponding genome of that reaction 
product and the associated test results therefore implicitly 
also includes the process, as well as the yield and structure 
of the chemical compound from that new mul ticomponent reaction. 
As a result it is possible to use that reaction, even without 
having explicit knowledge of it, with the algorithm according 
to the invention. 



4) In a fourth process step, the test results measured for 
the products prepared are used for evaluating the products, 
which are preferably encoded, and, for example, for sorting 
them in accordance with a predetermined target function, and 
selecting at least one product, 

it being possible for that target function to be any combina- 
tion of desired properties for the target compound being sought 
and for the sorting criterion to be derived from the extent to 
which the individual products fulfil that target function. 
Preferably the products are evaluated according to their 
concentration dependency. 



The products can especially either be sorted by ranking or 
divided into various evaluation categories. 



The target function can be any function that is construed for 
the target compound sought from the combination of the desired 
properties in the test systems used. It is the evaluation 
criterion for the sorting or categorisation of the genomes 
according to the manner in which the respective individual 
products fulfil that target function. 
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Preferably the biological activity, physico-chemical properties 
as well as further biologically relevant test results form that 
target function. 

It is especially preferable that the concentration dependency 
of the test results be ascertained and included in the target 
function, that is to say that those properties are included in 
the target function with a different and concentration- 
dependent weighting. 

The target function is especially preferably a linear 
combination or a polynome of those properties with "fuzzy" 
logic weightings, the "fuzzy" logic weightings of individual 
properties being especially dependent upon the extent to which 
other properties are fulfilled and upon the number of cycles 
already completed. 

According to the invention, such a target function can accord- 
ingly assume the form of a program which differently evaluates 
a genome in dependence upon various properties and conditions 
with logical and conditional links between different evaluation 
functions. For example, according to the invention a high 
rating may be attached to those genomes which initially have, 
for example, a high oral bioavailability, or after several 
cycles have a plurality of those desirable properties. 
Egually, according to the invention compounds having some 
desirable properties may, however, also have properties that 
have been designated as undesirable, such as, for example, a 
measured logD value for the lipophilicity of more than 5 may be 
given a negative rating, in which case the desirable properties 
are no longer considered. 



5) In a fifth process step, the starting materials that have 
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led to the product (s) evaluated and selected in the fourth step 
are determined. 

In this step it is unnecessary to analyse the starting 
materials themselves or to clarify their structure: rather, it 
is sufficient to identify the starting materials by reference 
to any coding used, since each starting material can be 
assigned a specific code. 

6) In a sixth process step, according to the invention a new 
set of starting materials is chosen on the basis of the found 
results, for example using an algorithm. Furthermore, a list 
of fresh experiments to be carried out is drawn up, and the 
starting materials are combined and reacted in correspondingly 
selected multicomponent combinations, but an experiment that 
has already been performed is preferably not proposed again. 

For that purpose there is provided a variant or modification of 
at least one, preferably two, of the starting materials deter- 
mined in process step (5) in the sense that in that starting 
material at least one substituent is exchanged and/or at least 
one (additional) substituent is introduced and/or an existing 
substituent is replaced by a hydrogen atom. 

Preferably, for each cycle more than one starting material 
and/or more than one reaction parameter, such as the concen- 
tration of a starting material or the reaction temperature 
etc . , is varied . 

On the basis of combinatorial optimisation procedures known per 
se, see Cook, W.J.; Cunningham, W . H . ; Pulley-blank, W.R. and 
Schrijver, A. Combinatorial Optimization, Wiley 1997; Philip M. 
Dean and Richard A. Lewis (Ed.) Molecular Diversity in Drug 
Design, Kluwer Academic Publishers, 1999, it is possible to 
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assign altered product properties to the varied starting 
materials and/or reaction parameters. 

Preferably the genomes of the preceding cycle that are 
evaluated as being the best are used for the generation of the 
new genomes. 

As algorithm it is possible to use, for example, a combina- 
torial optimisation procedure, such as a genetic algorithm or a 
pattern recognition process, such as, for example, a neuronal 
network or a combination of a genetic algorithm with a neuronal 
network, 

a genetic algorithm or a pattern recognition process, such as, 
for example, a neuronal network or a combination of a genetic 
algorithm with a neuronal network, preferably implicitly or 
explicitly correlating the occurrence of desired properties 
with the constituents of the product genome of the preceding 
generation . 

It is preferable that those constituents of the genomes of the 
tested products which with greater probability correlate 
explicitly or implicitly with the desired properties be used 
with greater probability for the generation of the new genomes, 
those genomes the products of which have not received good 
ratings preferably not being used for the generation of new 
genomes, and 

preferably individual constituents of the new genomes being 
selected randomly from the number of possible codings by means 
of a random generator. 

Preferably, individual constituents of the new genomes are 
randomly removed from or added to the genome by means of a 
random generator, 
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the assignment of probability of a random selection of such a 
building block preferably being dependent upon the type of that 
building block, 

the genomes especially being divided randomly into one or more 
groups, so-called populations. 

Especially preferably, the genomes of a group are used only for 
the generation of new genomes of a new group of genomes and 
thus each of those populations will create a new population, 
preferably it being possible after any desired number of cycles 
for all populations of genomes to be divided up into a new 
number of populations having the same number or a different 
number of genomes . 

Especially preferably, that new division is carried out when in 
a population a product has especially desirable properties. 

Constituents of the genomes as defined according to the inven- 
tion include the different codings of the starting materials, 
of the reaction conditions, modifications, working-up proced- 
ures or procedures in preparation for testing and also the 
reaction vessels. 

According to the invention, that process step constitutes a 
transfer of the natural evolution of biopolymers, such as DNA, 
RNA or peptides, to the chemistry of multicomponent reactions 
in conjunction with the properties of the chemical compounds 
thereby created. According to the invention, that step enables 
the number of possible reactions to be appreciably increased. 
Since, by means of the algorithm according to the invention, 
building blocks of the genome can be deleted or added as 
desired, multiple uses of a building block, such as, for 
example, a starting material, a catalyst etc., for example, are 
possible . 



- 26 - 



The special nature of the algorithm lies in the fact firstly 
that preference is given to those genomes, that is to say those 
combinations of starting materials, reaction conditions, 
modifications, working-up procedures or procedures in 
preparation for testing, the products of which also have 
desired properties, and secondly that although those compounds 
are unknown the best reaction conditions for their actual 
preparation are also implicitly determined. Although the 
reaction leading to that product need not be known, that 
reaction is optimised because, for example, a higher yield of 
the product obtained by that reaction is manifested in an 
improvement in the desired properties. As a result of this 
characteristic of the process according to the invention there 
is thus obtained, in addition to a product having the desired 
properties, at the same time also its optimum method of prepa- 
ration by means of a multicomponent reaction. 

As desired, the starting materials and/or reactions /reaction 
conditions can each be varied individually or some or all of 
them can be varied together. 

7) In a seventh process step, the starting materials provided 
in the sixth process step are reacted if appropriate together 
with the remaining starting materials determined in process 
step (5) : 

If, for example, only one starting material has been varied in 
process step (6), then that starting material is preferably 
reacted with the remaining starting materials determined in 
process step (5) with the exception of the starting material 
that was varied in process step (6) . 



If, in process step (5), the starting materials Ei, E 2 , E 3 , E 4 
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and E 5 , for example, were determined, and if E 2 was varied to 
form E 2 ' in process step (6), then in process step (7) E 2 ' is 
reacted with Ei, E 3 , E 4 and E 5 . Preferably, in the reaction 
only one molecule is used per starting material type, that is 
to say only one amine, one isocyanide, one carboxylic acid 
compound . 

8) In an eighth process step, process steps four to seven are 
repeated until a reaction product fulfilling the criteria of 
the target function is found, 

frequently up to 50 cycles, especially up to 30 cycles, being 
required to find such a product. 

The probability of discovering such a product can be estimated 
after as few as 2 to 6 cycles, so that a route showing little 
prospect of success can be terminated at an early stage. 

Preferably there are used for that estimation the difference 
between the average extent to which the products of a genome 
population from a cycle x fulfil the target criteria and the 
average extent to which the products of a genome population 
from a later cycle x+i fulfil the target criteria, where i is a 
whole natural number. 

That difference can be used to select a new number of starting 
materials and to begin the iterative process according to the 
invention afresh, especially when that difference is small. 

By means of process steps one to eight, various problems in the 
discovery and optimisation of new chemical compounds are solved 
simultaneously in a new and surprising manner. By combining 
starting materials from different substance classes under 
different reaction conditions, new multi component reactions are 
investigated for their suitability for the preparation of new 



chemical compounds, preference being given to those multi- 
component reactions which yield products having desired prop- 
erties. Furthermore, according to the invention those products 
are varied by the possibility of using starting materials from 
the same substance class that are necessary for those multi- 
component reactions, and tested for their properties and 
optimised. Moreover, according to the invention those new 
multicomponent reactions are themselves optimised when the 
reaction conditions are constituents of the corresponding 
genomes . 

9) In a ninth process step, the chemical compounds contained 
in the reaction product that has exhibited the desired prop- 
erties in the tests are purified in a manner known per se, such 
as, for example, by chromatography or crystallisation, and the 
structure thereof is determined using known methods, such as 
mass spectroscopy or NMR spectroscopy. 

The novel process will be described by way of the example of 
the discovery and preparation of a very great variety of non- 
natural antibiotic, immunosuppressive, antineoplastic or 
anthelmintic polyketoidal compounds having desired properties 
in order to clarify its advantages over existing processes. 

Polyketides are a structurally highly diverse family of natural 
substances which are synthesised in nature by a common bio- 
synthesis route. The family of polyketides has provided an 
extraordinarily large number of substances having interesting 
biological activities. For example, many examples of poly- 
ketides are cancer drugs, antibiotics, anthelmintics, immuno- 
suppressives or the like. Prominent commercially available 
examples are the tetracycline antibiotics, FK 506 and rapa- 
mycin, adriamycin and epothilon, or monensin (Figure 1) . 
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Figure 1: Various structures of polyketides . 



Polyketides are formed by almost all classes of organism, but 
especially by mycelium-forming bacteria of the Actinomyces 
class . 



In nature, polyketides are synthesised via the so-called 
polyketide route, in which putative polyketides are assumed to 
be intermediates of biosynthesis (Figure 2). 
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Figure 2: A polyketide precursor which, according to the nature 
of the cyclisation, results in different products. 



Polyketide synthases (PKSs) are multifunctional enzyme 
complexes that are related to fatty acid synthases. The 
structural variety of polyketides comes about as a result of 
repetitive synthesis via decarboxylating Claisen condensation 
between different thioesters (mainly acetyl, proprionyl, 
butyryl, malonyl, methylmalonyl ) to form polyketides and 
modifications thereof, such as, for example, reduction to 
alcohols, dehydration etc.. Each product of the polyketide 
synthesis route comes about as a result of a characteristic 
number of cycles, the product being split off at the end of the 
synthesis, frequently with cyclisation by the PKS . 



Accordingly the diversity of this group of substances is 
brought about by the starter thioester, the reductive cycles 
and the number of decarboxylating condensation cycles. 

A distinction is drawn between two classes of PKSs. The first 
class of type I is capable of synthesising complex macrolides, 
such as, for example, erythromycin. The second class of type 
II is capable of synthesising aromatic products. 



Recently some working groups have been successful in 
synthesising new polyketides not previously found in nature by 
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means of genetically manipulated PKSs (Khosla, Leadley, Katz, 
Chem. Rev. 97, 97, 7) . 

The chemical synthesis of many polyketides has also been and is 
being explored by many working groups (Harris, T.M., Harris, 
CM., Pure & Appl . Chem., 1986, 58, 283 - 294. Alternatively 
Nicolaou, K.C.; Vourloumis, D.; Li, T., -Pastor, J.; Winssinger, 
N.; He, Y . ; Ninkovic, S . ; Sarabia, F.; Vallberg, H . ; Roschan- 
gar, F.; King, N.P.; Finlay, M.R.V.; Giannakakou, P.; Verdier- 
Pinard, P.; Harael, E. Angew. Chem., Int. Ed. Engl. 1997, 36, 
2097). In all cases the syntheses have a large number of steps, 
are time-consuming and have little variability and have low 
total yields. Furthermore, combined biosynthetic-synthetic 
routes are followed, in which fermented polyketides are 
subsequently chemically modified. None of the chemical set-ups 
enables polyketides to be synthesised in sufficient variety and 
in a sufficiently small number of steps. 

All the chemical routes followed hitherto are therefore 
tedious, difficult, expensive and unsuitable for fast, 
efficient and economical discovery of new polyketoidal active 
ingredients . 

Examples : 

The new process is described by way of example for the 
preparation of a very great variety of non-natural antibiotic, 
immunosuppressive, antineoplastic or anthelmintic polyketides. 

Example 1: Preparation of a substance library of different 
multicomponent reactions having antibacterial action. 

10 starting materials 1-10 (see Figure 3) having different 
functional groups are selected: benzaldehyde 1, aniline 2, 3- 
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phenyl-3-keto-propionic acid ethyl ester 3, 2 , 4-diketovaleric 
acid ethyl ester 4, 3-keto- glutaric acid dimethyl ester 5, 2- 
keto-propionaldehyde 6, 3-methyl-2 , 4 -diketopentane 7, 3,5-di- 
keto-5-phenyl-valeric acid 8, 2 , 4 -diketo-phenyl-butyric acid 9 
and diphenylmethaneisonitrile 10. 




Figur e 3^ The selected starting materials for a combinatorial 
library of 1023 different mul ticomponent reactions. 

The systematic variation of the starting materials from K=2 to 
K=10 yields, in accordance with equation (1), 1013 different 
possible ways of combining the starting materials: 
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Schedule 1: 



Number of reactants 



Number of combinations 



2 
3 



45 
120 
210 
252 
210 
120 
45 
10 



5 
6 
7 
8 
9 
10 



1 



z = 



1013 reactions 



The selection of those starting materials allows reactions 
known per se, such as, for example, the Ugi 4-CR and 3-CR 
reaction, and various aldol and Claisen reactions, and also 
cyclisation reactions in accordance with Figure 2. 

The 10 starting materials were prepared for the combination of 
the individual reactions in the form of 0.05M solutions in 
ethanol. The 1013 different possible combinations were carried 
out under four different reaction conditions (Set A, B, C, D) 
For the 4*1013 different reaction batches 20 yil of the respect- 
ive starting material solution were dispensed in each case. 
Reaction set A of 1013 parallel batches was carried out without 
further additives. In the case of reaction set B, 10 jul of a 
0 . 2M solution of p-toluenesulf onic acid in EtOH were addition- 
ally added in each case. In the case of reaction step C, 10 jal 
of a 0 . 2M solution of trie thylamine in EtOH were additionally 
added. In the case of reaction set D, 10 u.1 of a 0 . 2M solution 
of potassium carbonate in a 2 : l=EtOH : water mixture were addit- 
ionally added. 

When the addition was complete, the in total 4052 reactions 
were left to stand in a closed container at room temperature 
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for 24 hours. The solvent was then evaporated off at room 
temperature. The crude products were each diluted with 250 jal 
of DMSO, and a 10 |^1 portion of each resulting solution was 
diluted with 140 \il of water. The resulting solutions were 
tested for their inhibitory action with respect to gram- 
positive and gram-negative bacteria and yeast strains. The 
test results provided information about those reaction batches, 
or reaction types, which are of interest for further optimisa- 
tion. Table 1 lists the test results using the example of the 
action with respect to Pseudomonas aeruginosa ATCC 9027 and 
Staphylococcus aureus ATCC 6538. The test organisms were 
cultured overnight in CASO bouillon (bacteria) at 35°C or 
Sabourad bouillon (yeasts) at 22°C. The suspension of the 
organisms was centrifuged off, the pellet was resuspended in 
fresh medium and incubated for a further 2 hours. The pellet 
was then resuspended in 0.9 % NaCl solution and the cell count 
was adjusted with reference to the standard curves to about 
10 8 CFU/ml (bacteria) and 10 7 CFU/ml (yeasts) . 

The suspensions so obtained were then diluted to about 
10 6 CFU/ml in CASO bouillon (bacteria) or Sabourad bouillon. 
15 jj.1 of the solution of the reaction products were inoculated 
with 100 u.1 of the resulting organism solutions. Immediately 
after the inoculation, and 7 and 22 hours incubation of the 
plates, the latter were measured in a plate reader (Bio-tek EL 
311 Autoreader) at 550 nm. 

The 1013 different combinations of starting materials 1-10 are 
listed in Schedule 1, and the inhibitory activity of the best 
starting material combinations of reaction set A after one 
cycle of the process according to the invention with respect to 
Pseudomonas aeruginosa are given in Table 1 and with respect to 
Staphylococcus aureus are given in Table 2. 
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From the best combinations, those to be used in the next cycle 
can then be selected, for example, in accordance with one of 
the algorithms described above. 

In an analogous manner, the results of reaction sets A, B, C 
and D are compared with one another and the best reaction 
variants are considered in a corresponding manner in the next 
cycle of the process. 

In summary, a process for the algorithmic discovery and 
preparation of biologically active chemical compounds is 
described. The process consists of the (1) production of an 
algorithmic library of different multicomponent reactions, 
starting from a library of suitable and diverse types of 
chemical starting materials, the (2) biological testing of that 
library, the (3) identification of suitable multicomponent 
reactions from that range of possible reactions, the (4) 
selection of a plurality of chemical starting materials of the 
types required for the identified and suitable multicomponent 
reactions, the (5) discovery of optimum combinations from the 
so constructed chemical range of those suitable multicomponent 
reactions by the (6) algorithmic preparation and biological 
testing of compounds from that library. The process is des- 
cribed by way of the example of the discovery of new anti- 
biotically effective polyketoid-type compounds. 

Table 1: The inhibitory activity with respect to Pseudomonas 
aeruginosa of reaction set A of 1013 different reactions of 
starting materials 1-10. 

Table 2: The inhibitory activity with respect to Staphylococcus 
aureus of reaction set A of 1013 different reactions of start- 
ing materials 1-10. 
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Table 3: The ranking of inhibitory activity with respect to 
Pseudomonas aeruginosa of the best starting material combina- 
tions of reaction set A after one cycle of the process accord 
ing to the invention. 

Table 4: The ranking of inhibitory activity with respect to 
Staphylococcus aureus of the best starting material combina- 
tions of reaction set A after one cycle of the process accord 
ing to the invention. 
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Patent claims 

Process for the fast and efficient discovery and 
preparation of new compounds, characterised by 

selection of M different starting materials suitable for 
multicomponent reactions (MCRs), 

reaction of each starting material with another of or with 
every possible combination of from 2 to M-l other starting 
materials selected according to (1), 

analysis of the products, 

evaluation of the products and selection of at least one 
product , 

determination of the starting materials that have led to 
the product(s) selected in (4), and 

provision of at least one variant of at least one of the 
starting materials that have been determined in (5) , 

reaction of the starting materials provided in (6) if 
appropriate with the remaining starting materials 
determined in (5) in the context of an MCR, 

repetition of steps (4) to (7) until at least one product 
having the desired property or properties is found, and 

optionally isolation and characterisation of the product. 

Process according to claim 1, characterised in that M=<40. 



AMENDED SHEET 
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3. Process according to either one of the preceding claims, 
characterised in that in (1) and/or in (6) reaction 
conditions suitable for MCRs are also selected. 

4-. Process according to any one of the preceding claims, 

characterised in that in (2) each starting material is 
reacted with every possible combination of from 2 to M 1 
other starting materials selected according to — R-H- 

5. Process according to any one of the preceding claims, 
characterised in that the analysis according to (3) is a 
biological and/or pharmacological and/or physico-chemical 
analysis . 

6. Process according to any one of the preceding claims, 
characterised in that in (4) all products are evaluated. 

7. Process according to any one of the preceding claims, 
characterised in that in (4) the reaction conditions for 
preparing the products are also evaluated. 

8. Process according to any one of the preceding claims, 
characterised in that the reaction according to (7) of the 
starting materials provided in (6) is if appropriate 
carried out with the remaining starting materials deter- 
mined in (5) with the exception of the starting 
material (s) of which variants were provided in (6) . 

9. Process according to any one of the preceding claims, 
characterised in that for each reaction according to (7) 
only one molecule is selected per starting material type. 

10. Process according to any one of the preceding claims, 
wherein the starting materials have functional groups 



AMENDED SHEET 
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customary in organic chemistry, such as -NC, -CO-, -CS-, 
-CN, -OCN, -NCO, -NO, -N0 2 , ~ON0 2 , -CHO, -COOR, -COSR, 
-CSSR, -COCOOR, -SCN, -NCS, -halo, -N 3 , -NNNR, -OR, -SR, 
-OCOOR, -SCOOR, -NRCOOR', -OCSOR, -SCSOR, -NRCSOR', 
-OCSSR, -SCSSR, -NRCSSR', -OCONR'R, -SCONR'R, -NRCONR ' R v ' 
-NRR', -NRR'NR' 'R' ' ' , -CNNRR ' , -CNNRR'HX, -NRCONR ' R ' ' , 
-NRCSNR ' R ' ' , -RCOCR'R", -RCSCR'R", -COCRR^halo, 
-RCNR " CR " " , wherein R, R v and R NS are H or alkyl, aryl, 
aralkyl, hetaryl or hetarylalkyl . 

11. Process according to claim 10, wherein the functional 
groups are epoxy groups or carbenes or the unsaturated 
vinylogous variants alkene, alkyne, aryl groups or 
corresponding mono-, di-, tri-, tetra-, penta- or hexa- 
carbonyl variants of those groups . 

12. Process according to claim 10 or 11, wherein two, three, 
four or more functional groups are present simultaneously 
in one or more starting materials in suitable combination 

13. Process according to claim 10, wherein the starting 
materials are starting materials especially suitable for 
multicomponent reactions, such as alpha-haloketones , 
esters, carboxylic acids, thiocarboxylic acids, aldehydes 
amines, ketones, isonitriles, nitriles, alpha-keto acids, 
alpha-keto esters, and derivatives and alpha-beta 
unsaturated variants thereof, and also combinations 
thereof . 

14. Process according to claim 4, wherein the starting 
materials have corresponding mono-, di-, tri-, tetra-, 
penta- or hexa-carbonyl variants of the functional groups 



15 . 



Process according to any one of claims 10 to 14, wherein 
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some of the functional groups of the starting materials 
are provided with protecting groups customary in organic 
chemistry. 



Process according to any one of the preceding claims, 
wherein the selected starting materials are encoded in a 
form accessible to an algorithm, the selected starting 
materials being assigned, either randomly or systematic- 
ally, unambiguous binary, decimal or alphanumeric codings. 

Process according to any one of the preceding claims, 
wherein a starting material type of a specific chemical 
class is assigned a characteristic coding for that 
chemical class. 



Process according to any one of the preceding claims, 
wherein in the first cycle of the process only those 
starting materials which belong to different chemical 
classes are selected. 



Process according to any one of the preceding claims, 
wherein the starting materials are selected in accordance 
with an algorithm. 



Process according to any one of the preceding claims, 
wherein multicomponent combinations MCC(K) selected in 
accordance with an algorithm of different selected 
starting materials are reacted simultaneously or in a 
sequential order under conditions customary in organic 
chemistry . 



Process according to any one of the preceding claims, 
wherein each selected combination of starting materials i: 
reacted in a physically separate, optionally encoded 



reaction vessel. 



Process according to any one of the preceding claims, 
wherein at least some of the resulting reaction products 
are, in a subsequent step, chemically modified, worked-up 
or prepared for step (3) in a suitable manner. 



Process according to any one of the preceding claims, 
wherein additional auxiliaries or catalysts, such as, for 
example, Lewis acids, such as boron trifluoride etherate, 
zinc chloride, ytterbium triflate, iron chloride, other 
acids, such as, for example, hydrochloric acid, para- 
toluenesulf onic acid, acetic acid, or bases, such as, for 
example, potassium carbonate, triethylamine , caesium 
carbonate, or water-removing agents, such as molecular 
sieves or orthoesters, are used. 



Process according to claim 22 or 23, wherein the chemical 
modification is the removal of chemical protecting groups, 
for example by trif luoroace t ic acid, or the hydrogenation 
of the products by means of hydrogen, optionally with the 
addition of a hydrogenation catalyst, such as palladium on 
carbon, platinum oxide, palladium acetate, or by oxidation 
of the products with oxygen or some other oxidising agent, 
such as, for example, bromine, hydrogen peroxide, tert- 
butyl peroxide or a suitable metal salt, such as cobalt 
chloride, or a suitable metal complex, such as, for 
example, iron hexacyanof errate or chromium tetraphenyl- 
porphyrinate, or by irradiation with light of wavelength 
200-600 nm, or the reaction products are treated with at 
least one enzyme, such as, for example, oxidoreductases , 
ligases, peptidases, lipases or isomerases. 

Process according to claim 22, wherein the working-up of 
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the products is carried out in a manner known per se by 
chromatography, for example over silica gel or RP-18 
silica gel, or solid phase extraction or the removal of 
unreacted starting materials by binding to a suitable 
solid carrier, such as, for example, ion exchanger resins 
or chemically modified solid phase resins, or by selective 
binding of the products to a suitable solid carrier. 

Process according to claim 20 or 23, wherein the reaction 
conditions and auxiliaries used or catalysts are assigned, 
either randomly or systematically, unambiguous binary, 
decimal or alphanumeric codings . 

Process according to claim 21, wherein the allocation of 
the various encoded combinations to the reaction vessels 
is encoded, either randomly or systemically , in binary, 
decimal or alphanumeric form. 



Process according to claim 22 or 25, wherein the working- 
up of the products is assigned, either randomly or system- 
atically, binary, decimal or alphanumeric codings. 



Process according to any one of the preceding claims, 
wherein both the starting materials, reaction conditions, 
modifications, working-up procedures or procedures in 
preparation for testing that are used and the reaction 
vessels are encoded. 



Process according to any one of the preceding claims, 
where the MCR is a Passerini or Ugi multicomponent 
reaction with up to 20 components, preferably with 3, 4, 
5, 6, 7, 8, 9, 10, 11 or 12 components. 

Process according to any one of the preceding claims, 
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wherein the products are investigated in a biological 
and/or pharmacological test for their pharmacological or 
biological activity, effectiveness, side effects and/or 
selectivity and/or in a further test procedure for their 
physico-chemical properties. 

32. Process according to claim 31, wherein the dependency of 
the measurement results upon the concentration of the 
starting materials used in process step two is ascer- 
tained, the concentration lying especially in a range of 
from 0.5 to 0.000001 mol/1. 

33. Process according to claim 32, wherein the concentration 
lies in a range of from 100 to 0.01 mol/1. 

34. Process according to any one of claims 31 to 33, wherein 
the test for ascertaining the biological or pharma- 
cological activity, effectiveness, side effects or 
selectivity is carried out with isolated proteins, 
receptors, enzymes, or mixtures thereof, cells, cell 
lysates, complex cell systems, with organs or parts 
thereof or a plurality of organs or with whole organisms 
or membranes and as appropriate using adjuvants, sub- 
strates or detection aids necessary for the test. 

35. Process according to any one of claims 31 to 33, wherein 
the test procedures for the physico-chemical properties of 
the products include the measurement of the lipophilicity 
by means of the octanol-water distribution coefficient, 
the solubility in water, the non-specific protein binding 
to, for example, bovine serum albumin, the binding to the 
proteins of human serum plasma and/or the chemical stab- 
ility in Krebs buffer. 



Process 
wherein 
codings 



according to any one of the preceding claims, 
the test results obtained are related to the 
of the individual reaction products. 



Process according to claim 36, wherein the test results 
are stored in a form accessible to an algorithm, for 
example in a computer data file or a computer data bank. 



Process according to any one of the preceding claims, 
wherein the list of the codings and the associated test 
results fulfil all the prerequisites necessary for further 
optimisation . 



Process according to any one of the preceding claims, 
wherein the codings of the products prepared and tested 
are evaluated, the genomes either being sorted by ranking 
or divided into various evaluation categories, in accord- 
ance with a predetermined target function. 



Process according to claim 39, wherein the target function 
may be any desired function construed from the combination 
of desired properties of the target compounds. 



Process according to claim 38 or 40, wherein the evaluaion 
criterion for the sorting or categorisation of the genomes 
is derived from the extent to which the individual 
products fulfil the target function. 



Process according to any one of claims 39 to 41, wherein 
the biological activity, the physico-chemical properties 
and optionally further biologically relevant test results 
form the target function. 



Process according to any one of claims 39 to 42, wherein 
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the concentration dependency of the test results is 
included in the target function. 

44. Process according to any one of claims 40 to 43, wherein 
the properties are included in the target function with 
different and concentration-dependent weighting, the 
target function especially being a linear combination or 
polynome of those properties with "fuzzy" logic weight- 
ings . 



45. Process according to any one of claims 40 to 44, wherein 
the "fuzzy" logic weightings of individual properties are 
dependent upon the extent to which other properties are 
fulfilled and upon the number of cycles already completed. 



46. Process according to any one of the preceding claims, 

wherein the evaluated codings of the individual products 
are utilised to find a new set of optionally encoded 
starting materials, reaction conditions, modification and 
working-up procedures using a combinatorial optimisation 
procedure, such as, for example, a genetic algorithm or a 
pattern recognition process, a neuronal network or a 
combination of a genetic algorithm with a neuronal 
network, and to carry out corresponding MCRs . 



47. Process according to any one of the preceding claims, 

wherein a reaction that has already been performed is not 
repeated . 



48. Process according to claim 46 or 47, wherein the codings 
from the preceding cycle that are evaluated as being the 
best are used in the next cycle. 



49. 



Process according to any one of claims 11 to 48, wherein 
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preferably a genetic algorithm or a pattern recognition 
process, such as a neuronal network or a combination of a 
genetic algorithm with a neuronal network, implicitly or 
explicitly correlates the occurrence of desired properties 
with the constituents of the coding of the corresponding 
product of the preceding cycles. 

50. Process according to claim 49, wherein those constituents 
of the coding of the tested products which with greater 
probability correlate explicitly or implicitly with the 
desired properties are used with greater probability for 
the generation of new codings. 

51. Process according to claim 49, wherein codings that have 
not received a good rating are not used for the generation 
of new codings . 

52. Process according to claim 49 or 50, wherein individual 
constituents of the new codings are selected from the 
number of possible codings by means of a random generator. 

53. Process according to claim 49, 50 or 52, wherein 
individual constituents of the new codings are removed 
from or added to the genome by means of a random 
generator . 

54. Process according to claim 52 or 53, wherein the assign- 
ment of probability to a random selection of such a 
building block depends upon the type of that building 
block . 

55. Process according to claim 52, 53 or 54, wherein the 
codings are divided randomly into one or more groups, so- 
called populations, the codings of a group especially 
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being used only for the generation of new codings of a new 
group of genomes, each of those populations thus creating 
a new population. 

56. Process according to claim 55, wherein after any desired 
number of cycles all populations of genomes are divided up 
into a new number of populations having the same number or 
a different number of genomes. 

57. Process according to claim 56, wherein that new division 
is carried out when in a population a product has espe- 
cially desirable properties. 

58. Process according to any one of the preceding claims, 
wherein up to 30 cycles are required to find a product 
having especially desirable properties. 

59. Process according to claim 58, wherein the probability of 
discovering such a product is estimated after as few as 2 
to 6 cycles by means of the difference between the average 
extent to which the products of a population from a cycle 
x fulfil the target criteria and the average extent to 
which the products of a population from a later cycle x+i 
fulfil the target criteria, where i is a whole natural 
number . 

60. Process according to claim 59, wherein that difference can 
be used to select a new number of starting materials, 
reaction conditions, modifications or working-up 
procedures and to begin the iterative process afresh. 

61. Process according to claim 60, wherein the iterative 
process is begun afresh when the difference is small. 
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Process according to any one of the preceding claims, 
wherein the chemical compounds contained in the reaction 
product that has exhibited the desired properties in the 
tests are purified and the structure thereof is 
determined . 

Process according to any one of the preceding claims, 
wherein the analysis of the products is an investigation 
into whether the product has therapeutic properties. 
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Docket No. 56268(41925) 

Declaration and Power of Attorney for Patent Application 
English Language Declaration 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and 
joint inventor (if plural names are listed below) of the subject matter which is claimed and for which a 
patent is sought on the invention entitled: 

Method For The Combinatorial Discovery Of Reactions For The Preparation Of Useful Compounds 

the specification of which 
(check one) 

[ ] is attached hereto. 

[X] was filed on JULY 20, 2001 as United States Application No. or PCT 

Application No. 09/889,807 



and was amended on _ 



(if applicable) 

I hereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information 
known to me to be material to patentability as defined in Title 37, Code of Federal Regulations, Section 
1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 1 19(a)-(d) or Section 
365(b) of any foreign application(s) for patent or inventor's certificate, or Section 365(a) of any PCT 
International application which designated at least one country other than the United States, listed below 
and have also identified below, by checking the box, any foreign application for patent or inventor's 
certificate or PCT International application having a filing date before that of the application on which 
priority is claimed. 

Prior Foreign Application(s) Priority Not Claimed 

DE 199 02 378.6 GERMANY 21 JANUARY 1999 [ ] 

(Number) (Country) (Day/Month/Year Filed) 



(Number) (Country) (Day/Month/Year Filed) 



(Number) 



(Country) 



(Day/Month/Year Filed) 
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I hereby claim the benefit under 35 U.S.C. Section 1 1 9(e) of any United States provisional application(s) 
listed below: 



(Application Serial No.) (Filing Date) 



(Application Serial No.) (Filing Date) 



(Application Serial No.) (Filing Date) 

I hereby claim the benefit under 35 U.S.C. Section 120 of the United States application(s), or Section 
365(c) of any PCT International application designating the United States, listed below and, insofar as the 
subject matter of each of the claims of this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph of 35 U.S.C. Section 1 12, I 
acknowledge the duty to disclose to the United States Patent and Trademark office all information known 
to me to be material to patentability as defined in Title 37, C.F.C., Section 1 .56 which became available 
between the filing date of the prior application and the national or PCT International filing date of this 
application: 

PCT/EP00/00462 21 JANUARY 2000 



(Application Serial No.) (Filing Date) 

(patented, pending, abandoned) 



(Application Serial No.) (Filing Date) (Status) 

(patented, pending, abandoned) 



(Application Serial No.) (Filing Date) (Status) 

(patented, pending, abandoned) 

I hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, 
or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application a'nd transact all business in the Patent and Trademark Office 
connected therewith, (list name and registration number) 



David G. Conlin 
George W. Neuner 
Linda M. Buckley 
Peter J. Manus 
Peter F. Corless 
Cara Z. Lowen 
William J. Daley, Jr. 
Christine C. O'Day 
Robert L. Buchanan 
David E. Tucker 
Lisa Swiszcz Hazzard 
John B. Alexander 
Steven M. Jensen 
Richard Roos 



Reg. No. JL02&. 
Reg. No. 26,364 
Reg. No. 31,003 
Reg. No. 26J6& 
Reg. No. 33J36Q 
Reg. No. 38,227 
Reg. No. 35,487 
Reg. No. 
Reg. Nor*40,927 
Reg. No. 27,840 
Reg. No. ^368 
Reg. No. 4^399-P 
Reg. No. 42^69T" 
Reg. No3B3531- 



Send Correspondence to: 



Peter F. Corless 
" TWkBTBroTisT^inTRober ts & Cjjsjhn^ 
Intellectual Prop^rtyPracti^Group"" 

P.O. Bo x9169 

Boston, Massachusetts 02209 
-XJSA — 



Direct Telephone Calls to: 
(name and telephone number) 



Peter F. Corless 

Telephone: (6 1 7) 439-4444 

Facsimile: (617)439-4170 



Full name of sole or first inventor 
Michael ALMSTETTER 



Sole or first inventc 



Date: 

November 20, 2001 



Residence 
DE 



Citizenship 
DE 



Post Office Address .- 
Eixendorf 3, 85417 Marzling ~> g> 
Germany > ' > - 
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if 



Full name of second inventor, if any 
Alexander DOEMLING 



Second inventor's signature 



Date: 

November 20, 2001 



Residence 
DE 



Citizenship 
DE 



Post Office Address 

Kunzweg 17a 81241 Munchen f?\f 
Germany — " ~" 



Full name of third inventor, if any 
Katrin ILLGEN 


Third inventor's signature 


Date: 




November 20, 2001 


Residence ^ 
DE 


Citizenship 




DE 




Post Office Address 




Pasinger Str. 28 82152 Planegg /\/ 
Germany — 





Full name of fourth inventor, if any 
Lutz WEBBER 



Fourth inventor's signature 



November 20, 2001 



Residence 
DE 



Citizenship 
DE 



Post Office Address ^/ 
Steinweg 13 79639 Grenzach-Wyhlen J> C f 
Germany ~ ■ ' 



180963 



United States Patent & Trademark Office 

Office of Initial Patent Examination - Scanning Division 




